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, Fredholm
$u(t)=g(t)+ \int_{a}^{b}k(t, s)u(s)ds$ , $a\leq$ $\leq b$ (1.1)
, Volterra
$u(t)=g(t)+ \int_{a}^{t}k(t, s)u(s)ds$ , $a\leq t\leq b$ (1.2)




, , Sinc (Sinc )
[9, 16-18]. Sinc , $Sinc$
, . ,
$N$ , (SE ) Sinc
$O(\exp(-c_{1}\sqrt{N}))[19,20]$ , (DE ) Sinc
$O(\exp(-c_{2}N/\log N))[7,21]$ . , $O(N^{-p})$
. , (1.1) (12)
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, .
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, , $O(\exp(-c_{1}\sqrt{N}))$ $O(\exp(-c_{2}N/\log N))$
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Sinc Sinc , Sinc
$S(j, h)(x)= \frac{\sin\pi(x/h-j)}{\pi(x/h-j)}$ (2.1)
, $F$
$F(x) \approx\sum_{j=-N}^{N}F(jh)S(j, h)(x)$ , $x\in \mathbb{R}$ (2.2)
. , , $N$
. Sinc (2.2) ,
$\int_{-\infty}^{\infty}F(x)dx\approx\sum_{j=-N}^{N}F(jh)\int_{-\infty}^{\infty}S(j, h)(x)dx=h\sum_{j=-N}^{N}F(jh)$ (2.3)
. ,
$\int_{-\infty}^{x}F(\sigma)d\sigma\approx\sum_{j=-N}^{N}F(jh)\int_{-\infty}^{x}S(j, h)(\sigma)d\sigma=\sum_{j=-N}^{N}F(jh)J(j, h)(x)$ (2.4)
. $J(j, h)(x)$ , Si $(x)= \int_{0}^{x}\{\sin(\sigma)/\sigma\}d\sigma$
:
$J(j, h)(x)=h \{\frac{1}{2}+\frac{1}{\pi}$ Si $[\pi(x/h-j)]\}$ . (2.5)
$x\in \mathbb{R}$ , (1.1) (12)
$t\in(a, b)$ , . ,
$t= \psi^{SE}(x)=\frac{b-a}{2}\tanh(\frac{x}{2})+\frac{b+a}{2}$ , (2.6)
$x= \{\psi^{SE}\}^{-1}(t)=\log(\frac{t-a}{b-t})$ (2.7)
SE . SE Sinc (2.2) , $(a, b)$
$f$
$f(t) \approx\sum_{j=-N}^{N}f(\psi^{SE}(jh))S(j, h)(\{\psi^{SE}\}^{-1}(t))$ , $t\in(a, b)$ (2.8)
. SE-Sinc . , ,
$\int_{a}^{b}f(t)dt=\int_{-\infty}^{\infty}f(\psi^{SE}(x))\{\psi^{SE}\}’(x)dx\approx h\sum_{j=-N}^{N}f(\psi^{SE}(jh))\{\psi^{SE}\}’(jh)$ (2.9)
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, , SE , DE
(211)
$($212)
. DE , :
DE-Sinc : $f(t) \approx\sum_{j=-N}^{N}f(\psi^{DE}(jh))S(j, h)(\{\psi^{DE}\}^{-1}(t))$ , (2.13)
DE-Sinc $ffit+$ : $\int_{a}^{b}f(t)dt\approx h\sum_{j=-N}^{N}f(\psi^{DE}(jh))\{\psi^{DE}\}’(jh)$, (2.14)
DE-Sinc : $\int_{a}^{t}f(s)ds\approx\sum_{j=-N}^{N}f(\psi^{DE}(jh))\{\psi^{DE}\}’(jh)J(j, h)(\{\psi^{DE}\}^{-1}(t))$ . (2.15)
, SE-Sinc (2.8) DE-Sinc (213) , $tarrow a$ $tarrow b$ $0$
, $f$ $f(a)=f(b)=0$ ,
. , $f$ , $0$ $\mathcal{T}f$
$\mathcal{T}[f](t)=f(t)-\{f(a)w_{a}(t)+f(b)w_{b}(t)\}$ , $($ 216)
$w_{a}(t)= \frac{b-t}{b-a}$ , $w_{b}(t)= \frac{t-a}{b-a}$ (217)
, $\mathcal{T}f$ SE-Sinc DE-Sinc
. , $f$ ,
$f(t) \approx \mathcal{P}_{N}^{SE}[f](t);=f(a)w_{a}(t)+\sum_{j=-N}^{N}\mathcal{T}[f](\psi^{SE}(jh))S(j, h)(\{\psi^{SE}\}^{-1}(t))+f(b)w_{b}(t)$, (218)
$f(t) \approx \mathcal{P}_{N}^{DE}[f](t):=f(a)w_{a}(t)+\sum_{j=-N}^{N}\mathcal{T}[f](\psi^{DE}(jh))S(j, h)(\{\psi^{DE}\}^{-1}(t))+f(b)w_{b}(t)$ (219)




$\mathcal{D}_{d}=\{\zeta\in \mathbb{C}:|{\rm Im}\zeta|<d\}$ (2.20)
$F$ ( $d$ ).





$f$ . $\psi^{SE}(\mathcal{D}_{d})$ $\psi^{DE}(\mathcal{D}_{d})$ $\mathcal{D}$
, .
2.1 ( , Riemann ) $\mathcal{D}$ ,
$f$ $H^{\infty}(\mathcal{D})$ :
$||f \Vert_{H(9)}\infty=\sup_{z\in \mathcal{D}}|f(z)|$ . (2.23)
2.2 $\mathcal{D}$ $(a, b)\subset \mathcal{D}$ ( , Riemann )
, $\alpha$ . , $f\in H^{\infty}(\mathcal{D})$ , $C$ ,
$|f(z)|\leq C|Q(z)|^{\alpha}$ (2.24)
$z\in \mathcal{D}$ $f$ $L_{\alpha}(\mathcal{D})$ . $Q(z)$
$Q(z)=(z-a)(b-z)$ .
2.3 $\mathcal{D}$ 22 , $\alpha$ $0<\alpha\leq 1$ .
, $f\in H^{\infty}(\mathcal{D})\cap C(\overline{\mathcal{D}})$ , $C$ ,
$|f(z)-f(a)|\leq C|z-a|^{\alpha}$ , (2.25)
$|f(b)-f(z)|\leq C|b-z|^{\alpha}$ (2.26)
$z\in \mathcal{D}$ $f$ $M_{\alpha}(\mathcal{D})$ .
.
24 $f$ $M_{\alpha}(\mathcal{D})$ , (216) $\mathcal{T}f$ $L_{\alpha}(\mathcal{D})$ .
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23 Sinc
SE-Sinc (2.8) DE-Sinc (213) , .
2.5 (Stenger [19, Theorem 4.2.5]) $d$ $0$ $<$ $d<$ $\pi$ , $f$ $\in$
$L_{\alpha}(\psi^{SE}(\mathcal{D}_{d}))$ . , $N$ $h$
$h=\sqrt{\frac{\pi d}{\alpha N}}$ (2.27)
, $N$ $C$ , :
$\max_{a\leq t\leq b}|f(t)-\sum_{j=-N}^{N}f(\psi^{sE}(jh))S(j, h)(\{\psi^{SE}\}^{-1}(t))|\leq C$ $(\text{ _{}e^{-\text{ \sqrt{\pi d\alpha N}}}.$ (2.28)
2.6 (Tanaka et al. [22, Theorem 3.1]) $d$ $0<d<\pi/2$ , $f\in$
$L_{\alpha}(\psi^{DE}(\mathcal{D}_{d}))$ . , $N>\alpha/(2d)$ $N$ $h$
$h= \frac{\log(2dN/\alpha)}{N}$ (2.29)
, $N$ $C$ , :
$\max_{a\leq t\leq b}|f(t)-\sum_{j=-N}^{N}f(\psi^{DE}(jh))S(j, h)(\{\psi^{DE}\}^{-1}(t))|\leq C\exp\{\frac{-\pi dN}{1og(2dN/\alpha)}\}$ . (2.30)
24 , SE-Sinc (218) DE-Sinc (219) ,
.
2.7 ( [10]) $d$ $0<d<\pi$ , $f\in M_{\alpha}(\psi^{SE}(\mathcal{D}_{d}))$ .
, $N$ $h$ (2.27) , $N$ $C$ ,
:
$\max_{a\leq t\leq b}|f(t)-\mathcal{P}_{N}^{SE}[f](t)|\leq C\sqrt{N}e^{-\sqrt{\pi d\alpha N}}$ . (2.31)
28( [10]) $d$ $0<d<\pi/2$ , $f\in M_{\alpha}(\psi^{OE}(\mathcal{D}_{d}))$ .
, $N>\alpha/(2d)$ $N$ $h$ (2.29) , $N$
$C$ , :
$\max|f(t)-\mathcal{P}_{N}^{DE}$ $[f](t)$ I $\leq C$ exn $\{\frac{-\pi dN}{\log(2dN/\alpha)}\}$ , (2.32)
$a\leq t\leq b$
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SE-Sinc (2.9) DE-Sinc (2.14) , .
2.9 (Stenger [19, Theorem 4.2.6]) $d$ $0<d<\pi$ , $fQ\in$
$L_{\alpha}(\psi^{SE}(\mathcal{D}_{d}))$ . , $N$
$\sim$
$\tilde{h}=\sqrt{\frac{2\pi d}{\alpha N}}$ (2.33)
, $N$ $\tilde{C}$ , :
$| \int_{a}^{b}f(t)dt-\overline{h}\sum_{j=-N}^{N}f(\psi^{sE}(j\tilde{h}))\{\psi^{SE}\}’(j\tilde{h})|\leq\tilde{C}e^{-\sqrt{2\pi d\alpha N}}$ . (2.34)
2.10 (Tanaka et al. [23, Theorem 3.1]) $d$ $0<d<\pi/2$ , $fQ\in$
$L_{\alpha}(\psi^{DE}(\mathcal{D}_{d}))$ . , $N>\alpha/(4d)$ $N$ $\tilde{h}$
$\tilde{h}=\frac{\log(4dN/\alpha)}{N}$ (2.35)
, $N$ $\tilde{C}$ , :
$| \int_{a}^{b}f(t)dt-\tilde{h}\sum_{j=-N}^{N}f(\psi^{OE}(j\tilde{h}))\{\psi^{DE}\}^{l}(j\tilde{h})|\leq\tilde{C}$ exn $\{\frac{-2\pi dN}{\log(4dN/\alpha)}\}$ . (2.36)
(2.33) (2.35) , (2.27) (2.29) $h$
, Sinc ,
. .
2.11 ( [10]) $f$ 29 . , $N$
$h$ (2.27) , $N$ $C$ , :
$| \int_{a}^{b}f(t)dt-h\sum_{j=-N}^{N}f(\psi^{sE}(jh))\{\psi^{SE}\}’(jh)|\leq Ce^{-\sqrt{\pi d\alpha N}}$. (2.37)
212 ( [10]) $f$ 210 . , $N>\alpha/(2d)$
$N$ $h$ (2.29) , $N$ $C$ ,
:
$| \int_{a}^{b}f(t)dt-h\sum_{j=-N}^{N}f(\psi^{DE}(jh))\{\psi^{DE}\}’(jh)|\leq C\exp\{\frac{-2\pi dN}{\log(2dN/\alpha)}\}$ . (2.38)
44
SE-Sinc (2.10) DE-Sinc (2.15) , Haber $[$4$]$ Muhammad-
Mori [8] ,
.
2.13 (Okayama et al. [15, Theorem 2.7]) $f$ 29 .
, $N$ $h$ (2.27) , $N$ $C$ ,
:
$\max_{a\leq t\leq b}|\int_{a}^{t}f(s)ds-\sum_{j=-N}^{N}f(\psi^{sE}(jh))\{\psi^{SE}\}’(jh)J(j, h)(\{\psi^{SE}\}^{-1}(t))|\leq Ce^{-\sqrt{\pi d\alpha N}}$ . (2.39)
2.14 (Okayama et al. [15, Theorem 2.13]) $f$ 2.10
. , $N>\alpha/(2d)$ $N$ $h$ (2.29) , $N$
$C$ , :
$\max_{a\leq t\leq b}|\int_{a}^{t}f(s)ds-\sum_{j=-N}^{N}f(\psi^{DE}(jh))\{\psi^{DE}\}’(jh)J(j, h)(\{\psi^{DE}\}^{-1}(t))|$
$\leq C\frac{\log(2dN/\alpha)}{N}\exp\{\frac{-\pi dN}{\log(2dN/\alpha)}\}$ . (2.40)
215 , $h$ $N$ , $d$ $\alpha$
. $f$
, $f$ ,
. , 32 .
3 Fredholm Sinc-Nystr\"om
3.1 :SE-Sinc-Nystr\"om DE-Sinc-Nystr\"om
, SE Sinc-Nystr\"om (SE-Sinc-Nystr\"om ) [17] .
, :
(SEl) $u\in H^{\infty}(\psi^{SE}(\mathcal{D}_{d}))^{*1}$ .
(SE2) $t\in[a, b]$ $k(t, \cdot)Q(\cdot)\in L_{\alpha}(\psi^{SE}(\mathcal{D}_{d}))$ .
, (1.1) , 29 :
$\int_{a}^{b}k(t, s)u(s)ds\approx\tilde{h}\sum_{j=-N}^{N}k(t,\psi^{SE}(j\tilde{h}))u(\psi^{sE}(j\tilde{h}))\{\psi^{SE}\}’(j\tilde{h})$ (3.1)
$r1$ Rashidinia-Zarebnia [17] , 29 .
45
(2.33) . , :
$u_{N}^{SE}(t)=g(t)+ \tilde{h}\sum_{j=-N}^{N}k(t, \psi^{SE}(j\tilde{h}))u_{N}^{SE}(\psi^{SE}(j\tilde{h}))\{\psi^{SE}\}’(j\tilde{h})$ . (3.2)
(1.2) , (3.2) $u_{N}^{SE}$ .
, $u_{n}^{SE}=[u_{N^{E}}^{s}(\psi^{SE}(-N\tilde{h})), \ldots, u_{N}^{SE}(\psi^{sE}(N\tilde{h}))]^{T}$ (
$n=2N+1)$ . , (3.2)
$t=\psi^{SE}(i\tilde{h})$ , $i=-N,$ $\ldots,$ $N$ (3.3)
$n$ , $u_{n}^{SE}$ 1 :
$(I_{n}-K_{n}^{SE})u_{n}^{SE}=g_{n}^{SE}$ . (3.4)
$I_{n}$ $n\cross n$ , $K_{n}^{SE}$ $(i, j)$
$(K_{n}^{SE})_{ij}=\tilde{h}k(\psi^{SE}(i\tilde{h}), \psi^{SE}(j\tilde{h}))\{\psi^{SE}\}’(j\tilde{h})$ , $i,$ $j=-N,$ $\ldots,$ $N$ (3.5)
$n\cross n$ , $g_{n^{E}}^{s}=[g(\psi^{SE}(-N\tilde{h})), \ldots , g(\psi^{SE}(N\tilde{h}))]^{T}$ .
, 1 (3.4) $u_{n}^{SE}$ . (3.2) $u_{N}^{SE}$
. SE-Sinc-Nystr\"om .
DE Sinc-Nystr\"om (DE-Sinc-Nystr\"om ) [9] ,
. , :
(DEl) $u\in H^{\infty}(\psi^{DE}(\mathcal{D}_{d}))$ .
(DE2) $t\in[a, b]$ $k(t, \cdot)Q(\cdot)\in L_{\alpha}(\psi^{DE}(\mathcal{D}_{d}))$ .




$u_{N}^{DE}(t)=g(t)+ \tilde{h}\sum_{j=-N}^{N}k(t, \psi^{DE}(j\tilde{h}))u_{N}^{DE}(\psi^{DE}(j\tilde{h}))\{\psi^{DE}\}’(j\tilde{h})$ . (3.7)
. , (2.35) . DE-Sinc-Nystr\"om .
32 :
Sinc-Nystr\"om , $u$ (SEl) (DEl) ,
$d$ , $\tilde{h}$ (2.33) (2.35) . ,
46
, , $d$
$\searrow$ . [9, 17]
, .
31( [12, 21]) $g$ $g\in H^{\infty}(\mathcal{D})\cap C(\overline{\mathcal{D}})$ , $k$
$z,$
$w\in\overline{\mathcal{D}}$
$k(\cdot, w)Q(w)\in H^{\infty}(\mathcal{D})\cap C(\overline{\mathcal{D}})$ $k(z, \cdot)Q(\cdot)\in L_{\alpha}(\mathcal{D})$ .
, $g\equiv 0$ (1.1) $u\equiv 0$ . , (1.1)
$u\in H^{\infty}(\mathcal{D})\cap C(\overline{\mathcal{D}})$ .
(SEl) (DEl) , $g,$ $k,$ $Q$
, , $u$ $d$ .
33
, $u$ $d$ .
$u(t)=\sqrt{\frac{t}{2}}\{1+$ arcsinh(1) $- \sqrt{2+2(t-1)^{2}}\}+\int_{0}^{2}\sqrt{\frac{ts}{2}}u(s)ds$ , $0\leq t\leq 2$ (3.8)
. $g$ $k$ , SE $\mathcal{D}=\psi^{SE}(\mathcal{D}_{\pi/2}),$ $\alpha=1$
31 , DE $\mathcal{D}=\psi^{DE}(\sim/6),$ $\alpha=1$ 31
. 31 , $u$ $d$ , SE $d=\pi/2$ , DE
$d=\pi/6$ . , (3.8) $u(t)=\emptyset\{1/$$\sqrt{2}-\sqrt{1+(t-1)^{2}}\}$
, $u\in H^{\infty}(\psi^{SE}(\mathcal{D}_{\pi/2}))\cap C(\overline{\psi^{SE}(\mathcal{D}_{\pi/2})})$ $U\in H^{\infty}(\psi^{DE}(\mathcal{D}_{\pi/6}))\cap C(\overline{\psi^{DE}(\mathcal{D}_{\pi/6})})$
, 31 . , $u$
, $d$ , $\tilde{h}$ (2.33) (2.35)
.
, $d$ , $d$ ( )
. (3.8) , $d$ ,
. 2 , $d$ , SE
$d=\pi$ , DE $d=\pi/2$ , $d$ ,
( ,
). 1 . , (maximum error) , $[0,2]$
101 , . ,
$d$ ( ;SE-Sinc with $d=\pi/2$ , DE-Sinc with $d=\pi/6$) ,
$d$ ( ;SE-Sinc with $d=\pi$ , DE-Sinc with $d=\pi/2$)
. Sinc-Nystr\"om , $d$
. 31 .
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3.2 (Rashidinia-Zarebnia [17, Theorem 2]) (SEl) (SE2)
. , $N$ $C$ ,
$\sup_{t\in(a,b)}|u(t)-u_{N}^{SE}(t)|\leq C\mu_{N}^{SE}\sqrt{N}e^{-\sqrt{2\pi d\alpha N}}$ (3.9)
. $\mu_{N}^{SE}=\Vert(I_{n}-K_{n}^{SE})^{-1}\Vert_{2}$ .
3.3 (Muhammad et al. [9, Theorem 3.4]) (DEl) (DE2)
. , $N$ $C$ ,
$\sup_{t\in(a,b)}|u(t)-u_{N}^{DE}(t)|\leq 0_{\mu_{N}^{DE}}\sqrt{N}\exp\{\frac{-2\pi dN}{\log(4dN/\alpha)}\}$ (3.10)
. $\mu_{N}^{DE}=\Vert(I_{n}-K_{n}^{DE})^{-1}\Vert_{2}$ .
, $N$ ( $\mu$ $\mu_{N}^{DE}$ ) ,
Sinc-Nystr\"om . , $\mu_{N}^{SE}$ $\mu_{N}^{DE}$




34( [12, 4.1]) 3.1 $\mathcal{D}=\psi^{SE}(\mathcal{D}_{d})$ .
, $N_{0}$ , $N\geq N_{0}$ $N$ 1 (3.4)
, $N$ $C$ , :
$\max_{a\leq t\leq b}|u(t)-u_{N}^{SE}(t)|\leq Ce^{-\sqrt{2\pi d\alpha N}}$ . (3.11)
35 $($ $[$ 12, 42$])$ 31 $\mathcal{D}=\psi^{DE}(\mathcal{D}_{d})$ .
, $N_{0}$ , $N\geq N_{0}$ $N$ 1 (3.6)
, $N$ $C$ , :
$\max_{a\leq t\leq b}|u(t)-u_{N}^{DE}(t)|\leq C$ exn $\{\frac{-2\pi dN}{\log(4dN/\alpha)}\}$ . (3.12)
4 Fredholm Sinc
, 31 , .
4.1 ( [14]) $g$ $g\in M_{\alpha}(\mathcal{D})$ , $k$ $z,$ $w\in\overline{\mathcal{D}}$
$k(\cdot, w)Q(w)\in M_{\alpha}(\mathcal{D})$ $k(z, \cdot)Q(\cdot)\in L_{\alpha}(\mathcal{D})$ . , $g\equiv 0$
(1.1) $u\equiv 0$ . , (1.1) $u\in M_{\alpha}(\mathcal{D})$ .
, SE Sinc (SE-Sinc ) . Rashidinia-
Zarebnia [16] , [10, 14]
. 41 $\mathcal{D}=\psi^{SE}(\mathcal{D}_{d})$ . , 27 ,
$u$ (218) , $u_{N^{E}}^{s}$ :
$u_{N}^{SE}(t)=v_{-N-1}w_{a}(t)+ \sum_{j=-N}^{N}v_{j}S(j, h)(\{\psi^{SE}\}^{-1}(t))+v_{N+1}w_{b}(t)$ . (4.1)
$h$ (2.27) . $v_{n}=[v_{-N-1}, v_{-N}, \ldots, v_{N}, v_{N+1}]^{T}$
$($ $n=2N+3),$ $u_{N}^{SE}$ (11) ,
$t_{i}^{SE}=\{\begin{array}{ll}a (i=-N-1)\psi^{sE}(ih) (i=-N, . . . , N)b (i=N+1)\end{array}$ (4.2)
. , 211 :
$\int_{a}^{b}k(t_{i}^{SE}, s)u_{N^{E}}^{s}(s)ds\approx h\sum_{j=-N}^{N}k(t_{i}^{SE},t_{j}^{SE})u_{N}^{SE}(t_{j}^{sE})\{\psi^{SE}\}’(jh)$. (4.3)
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$h$ (2.27) ( ). , $n$ $b_{n}^{SE}$ $d_{n}^{SE}$ $i$
$(i=-N-1, -N, \ldots, N, N+1)$
$(b_{n}^{SE})_{i}=w_{a}(t_{i}^{SE})-h \sum_{j=-N}^{N}k(t_{i}^{SE}, t_{j}^{SE})w_{a}(t_{j}^{SE})\{\psi^{SE}\}^{l}(jh)$ , (4.4)
$(d_{n}^{SE})_{i}=w_{b}(t_{i}^{SE})-h \sum_{j=-N}^{N}k(t_{i}^{sE}, t_{j}^{sE})w_{b}(t_{j}^{SE})\{\psi^{SE}\}’(jh)$ (4.5)
, $\delta_{ij}^{(0)}$ Kronecker , $n\cross(n-2)$ $C_{n}^{SE}$ $(i, j)$
$(C_{n}^{SE})_{ij}=\delta_{ij}^{(0)}-hk(t_{i}^{SE}, t_{j}^{SE})\{\psi^{SE}\}’(jh)$, (4.6)
$i=-N-1,$ $-N,$ $\ldots,$ $N,$ $N+1$ , $j=-N,$ $\ldots,$ $N$
, $\Phi_{n}^{SE}=[b_{n}^{SE}|C_{n}^{SE}|d_{n}^{SE}]$ , 1
$\Phi_{n}^{SE}v_{n}=g_{n}^{SE}$ (4.7)
. $g_{n}^{SE}=[g(t_{-N-1}^{SE}), g(t_{-N}^{SE}), \ldots , g(t_{N}^{SE}), g(t_{N+1}^{SE})]^{T}$ . 1
$v_{n}$ , (41) $u$ . SE-Sinc .
DE Sinc (DE-Sinc ) [10, 14] ,
. , 41 $\mathcal{D}=\psi^{DE}(\mathcal{D}_{d})$ .




$u_{N}^{DE}(t)=v_{-N-1}w_{a}(t)+ \sum_{j=-N}^{N}v_{j}S(j, h)(\{\psi^{DE}\}^{-1}(t))+v_{N+1}w_{b}(t)$ (4.9)
. , (2.29) . DE-Sinc .
42Sinc (41) (4.9) , Sinc $w_{a},$ $w_{b}$
, Sinc-Nystr\"om (3.2) (3.7) , $g$ $k$ . Sinc
, .
, .
43( [10, 14]) 41 $\mathcal{D}=\psi^{SE}(\mathcal{D}_{d})$ . ,
$N_{0}$ , $N\geq N_{0}$ $N$ 1 (4.7)
, $N$ $C$ , :
$\max_{a\leq t\leq b}|u(t)-u_{N}^{SE}(t)|\leq C\sqrt{N}e^{-\sqrt{\pi d\alpha N}}$ . (4.10)
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44( [10, 14]) 41 $\mathcal{D}=\psi^{DE}(\mathcal{D}_{d})$ . ,
$N_{0}$ , $N\geq N_{0}$ $N$ 1 (4.8)
, $N$ $C$ , :
$\max_{a\leq t\leq b}|u(t)-u_{N}^{DE}(t)|\leq C\exp\{\frac{-\pi dN}{\log(2dN/\alpha)}\}$ . (4.11)
5 Volterra Sinc-Nystr\"om
(Muhammad et al. [9] ) ,
.
5.1 ( [13, 41]) $g$ $g\in H^{\infty}(\mathcal{D})$ , $k$ $z,$ $w\in \mathcal{D}$
$k(\cdot, w)Q(w)\in H^{\infty}(\mathcal{D})$ $k(z, \cdot)Q(\cdot)\in L_{\alpha}(\mathcal{D})$ . , (1.2)
$u\in H^{\infty}(\mathcal{D})$ .
, SE-Sinc-Nystr\"om . 5.1 $\mathcal{D}=\psi^{sE}(\mathcal{D}_{d})$
. , (12) , 213 :
$\int_{a}^{t}k(t, s)u(s)ds\approx\sum_{j=-N}^{N}k(t,\psi^{SE}(jh))u(\psi^{sE}(jh))\{\psi^{SE}\}’(jh)J(j, h)(\{\psi^{SE}\}^{-1}(t))$. (51)
(2.27) . , :
$u_{N}^{SE}(t)=g(t)+ \sum_{j=-N}^{N}k(t, \psi^{SE}(jh))u_{N^{E}}^{s}(\psi^{SE}(jh))\{\psi^{SE}\}’(jh)J(j, h)(\{\psi^{SE}\}^{-1}(t))$ . (5.2)
(12) , (5.2) $u$ . ,
(5.2) $u_{n}^{SE}=[u_{N}^{SE}(\psi^{SE}(-Nh)), \ldots, u_{N^{E}}^{s}(\psi^{SE}(Nh))]^{T}$ (
$n=2N+1)$ . , (5.2)
$t=\psi^{SE}(ih)$ , $i=-N,$ $\ldots,$ $N$ (5.3)
$n$ , 1 . $\delta_{ij}^{(-1)}$
$\delta_{ij}^{(-1)}=\frac{1}{2}+\int_{0}^{i-j}\frac{\sin\pi s}{\pi s}ds$ (5.4)
, $nxn$ $K_{n}^{SE}$
$(K_{n}^{SE})_{ij}=hk(\psi^{sE}(ih),\psi^{sE}(jh))\{\psi^{SE}\}’(jh)\delta_{ij}^{(-1)}$ , $i,$ $j=-N,$ $\ldots,$ $N$ (5.5)
, $g_{n}^{SE}=[g(\psi^{SE}(-Nh)), \ldots, g(\psi^{SE}(Nh))]^{T}$ , 1
$(I_{n}-K_{n}^{SE})u_{n}^{SE}=g_{n}^{SE}$ (5.6)
51
. 1 (5.6) $u_{n}^{SE}$ , (5.2) $U_{N}^{SE}$
. SE-Sinc-Nystr\"om .
DE Sinc-Nystr\"om (DE-Sinc-Nystr\"om ) ,
. , 51 $\mathcal{D}=\psi^{DE}(\mathcal{D}_{d})$ .




$u_{N}^{DE}(t)=g(t)+ \sum_{j=-N}^{N}k(t, \psi^{DE}(jh))u_{N}^{DE}(\psi^{DE}(jh))\{\psi^{DE}\}’(jh)J(j, h)(\{\psi^{DE}\}^{-1}(t))$ (5.8)
. $h$ (2.29) . $DE- Sinc- Nystr\ddot{o}m$ .
, .
5.2 ( [13, 53]) 51 $\mathcal{D}=\psi^{SE}(\mathcal{D}_{d})$ .
, $N_{0}$ , $N\geq N_{0}$ $N$ 1 (5.6)
, $N$ $C$ , :
$\max_{a\leq\iota\leq b}|u(t)-u_{N}^{SE}(t)|\leq Ce^{-\sqrt{\pi d\alpha N}}$. (5.9)
53( [13, 52]) 51 $\mathcal{D}=\psi^{DE}(\mathcal{D}_{d})$ .
, $N_{0}$ , $N\geq N_{0}$ $N$ 1 (5.7)
, $N$ $C$ , :
$\max_{a\leq t\leq b}|u(t)-u_{N}^{DE}(t)|\leq C\frac{\log(2dN/\alpha)}{N}\exp\{\frac{-\pi dN}{\log(2dN/\alpha)}\}$ . (5.10)
6 Volterra Sinc
, . [10, 11]
$k$ .
61 $g$ $g\in M_{\alpha}(\mathcal{D})$ , $k$ $z,$ $w\in \mathcal{D}$ $k(\cdot, w)Q(w)\in$
$M_{\alpha}(\mathcal{D})$ $k(z, \cdot)Q(\cdot)\in L_{\alpha}(\mathcal{D})$ . , (1.2) $u\in$
$M_{\alpha}(\mathcal{D})$ .
, SE Sinc (SE-Sinc ) . Rashidinia-
Zarebnia [18] , [10] . 61
52
$\mathcal{D}=\psi^{SE}(\mathcal{D}_{d})$ . , 27 , $u$ (218)
, $u_{N^{E}}^{s}$ (41) . (2.27)
. (41) $v_{n}=[v_{-N-1},$ $v_{-N},$ $\ldots,$ $v_{N},$ $v_{N+1}]^{T}$ (
$n=2N+3),$ $u$ (12) , (4.2) $t=t_{i}^{SE}$ .
, 213 :
$\int_{a}^{t_{i}^{SE}}k(t_{i}^{sE}, s)u_{N}^{SE}(s)ds\approx\sum_{j=-N}^{N}k(t_{i}^{sE},t_{j}^{SE})u_{N}^{SE}(t_{j}^{SE})\{\psi^{SE}\}’(jh)J(j, h)(\{\psi^{SE}\}^{-1}(t_{i}^{SE}))$ . (6.1)
$h$ (2.27) ( $=$ ). $J(j, h)(\{\psi^{SE}\}^{-1}(t_{i^{E}}^{s}))$ , (5.4)
$\delta_{ij}^{(-1)}$ ,
$\tilde{\delta}_{ij}^{(-1)}=\{\begin{array}{ll}0 (i=-N-1)\delta_{ij}^{(-1)} (i=-N, \ldots, N)1 (i=N+1)\end{array}$ (6.2)
, $J(j, h)(\{\psi^{SE}\}^{-1}(t_{i}^{SE}))=h\tilde{\delta}_{ij}^{(-1)}$ . , $n$ $p$
$r_{n}^{SE}$ $i$ $(i=-N-1, -N, \ldots, N, N+1)$
$(p_{n}^{SE})_{i}=w_{a}(t_{i}^{sE})-h \sum_{j=-N}^{N}k(t_{i}^{SE}, t_{j}^{SE})w_{a}(t_{j}^{sE})\{\psi^{SE}\}’(jh)\tilde{\delta}_{ij}^{(-1)}$, (6.3)
$(r_{n}^{SE})_{i}=w_{b}(t_{i}^{SE})-h \sum_{j=-N}^{N}k(t_{i}^{sE}, t_{j}^{SE})w_{b}(t_{j}^{SE})\{\psi^{SE}\}’(jh)\tilde{\delta}_{ij}^{(-1)}$ (6.4)
, $nx(n-2)$ $Q_{n}^{SE}$ $(i, j)$
$(Q_{n}^{SE})_{ij}=\delta_{ij}^{(0)}-hk(t_{i}^{SE},t_{j}^{SE})\{\psi^{SE}\}’(jh)\tilde{\delta}_{ij}^{(-1)}$ , (6.5)
$i=-N-1,$ $-N,$ $\ldots,$ $N,$ $N+1$ , $j=-N,$ $\ldots,$ $N$
, $\Omega_{n}^{SE}=[p_{n}^{SE}|Q_{n^{E}}^{s}|r_{n}^{SE}]$ , 1
$\Omega_{n}^{sE}v_{n}=g_{n}^{SE}$ (6.6)
. $g_{n}^{SE}=[g(t_{N-1}^{SE}), g(t_{N}^{\underline{S}E}), \ldots, g(t_{N}^{SE}), g(t_{N+1}^{SE})]^{T}$ . 1
$v_{n}$ , (41) $u_{N}^{SE}$ . SE-Sinc .
DE Sinc (DE-Sinc ) ,
. , 61 $\mathcal{D}=\psi^{DE}(\mathcal{D}_{d})$ .
, SE-Sinc , ‘SE’ ‘DE’
, 1
$\Omega_{n}^{DE}v_{n}=g_{n}^{DE}$ (6.7)
, (4.9) $u_{N}^{DE}$ . , $h$
(2.29) . DE-Sinc .
, .
53
62( [10, 11]) 61 $\mathcal{D}=\psi^{SE}(\mathcal{D}_{d})$ . ,
$N_{0}$ , $N\geq N_{0}$ $N$ 1 (6.6)
, $N$ $C$ , :
$\max_{a\leq t\leq b}|u(t)-u_{N}^{SE}(t)|\leq C\sqrt{N}e^{-\sqrt{\pi d\alpha N}}$ . (6.8)
63( [10, 11]) 61 $\mathcal{D}=\psi^{DE}(\mathcal{D}_{d})$ . ,
$N_{0}$ , $N\geq N_{0}$ $N$ 1 (6.7)
, $N$ $C$ , :
$\max_{a\leq t\leq b}|u(t)-u_{N}^{DE}(t)|\leq C\exp\{\frac{-\pi dN}{\log(2dN/\alpha)}\}$ . (6.9)
7
Fredholm (1.1) Volterra (1.2)
Sinc , . - , ,
$u$ . , Sinc
.
, . ,
, $g(t)$ $k(t, s)$ $u$ .
, $Narrow\infty$ ,
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